 A new method is proposed to assess shoreline change using optical satellite images.  The method was validated using quasi-simultaneous shoreline measurements  The validation revealed that satellite-derived shoreline is consistently seaward to the in situ shoreline.  Consideration of water levels, beach slope and wave run-up is essential to determine confidence bounds of the satellite-derived shoreline.  The method is shown to be successful and it could be applied to other locations.
Optical satellite imagery, on the other hand, has the potential to combine moder- once every 1 to 8 days.
26
Previous studies have investigated the potential of optical satellite images to study 27 shoreline change (Blodget et al., 1991; Mason et al., 1997; White and El-Asmar, 1999;  28 Aarninkhof, 2003; Foody et al., 2003; Kingston, 2003; Liu and Jezek, 2004; Zakariya 29 et al., 2006; Ekercin, 2007; Dinesh-Kumar et al., 2007; Plant et al., 2007; Chen and 30 Chang, 2009; Wang et al., 2010; Kuleli et al., 2011) . However, none of these studies 31 has fully assessed the accuracy of the derived shorelines through comparison with 32 simultaneous and independent in situ observations.
33
The research described in this paper has three main objectives. The first is satellite images which can be applied to a wide range of beach locations.
43
The next section describes the study area chosen to evaluate satellite derived 44 shorelines (SDS). Section 3 then sets out the newly developed method to extract
45
SDS from satellite images. The results of applying the new method to images from 46 the chosen study area are then described in section 4, which includes an assessment of the accuracy of the new method by estimating quantitative confidence bounds for Progreso has a lack of reliable tidal measurements, so measurements were carried out 68 in the current project to compare with existing tidal predictions.
69
The eastern-most segments of the studied shoreline do not have coastal vegetation 70 and their inter-tidal beach width is the narrowest, ranging between 25m and 52m.
71
In addition, the east segments have houses very close to the shore on the top of 72 the dunes. The mean grain size of the beach sand suggests an alongshore gradient.
73
Overall the largest grain size (0.28 to 0.84mm) is towards the east and the finest size is in agreement with a predominantly westwards alongshore transport, and with 77 the direction of typical incoming winds from the NE.
78
There is one large man-made structure. Progreso pier extends offshore for 6km, 
109
Spectral bands from SPOT images cover most of the visible light and short wave 110 infrared wavelengths (Table 1) . Each surface on Earth has its unique response at 111 each wavelength (Parker and Wolff, 1965) , so the use of different spectral bands 112 allows identification of specific features on the ground, such as the sea and the land.
113
In the first step in the analysis, the images were geometrically corrected to en- be relatively well separated (Lillesand et al., 2008) . In our case, we require the inten- 
185
The smoothing method chosen uses as input the stepped raw vector, locating the 186 shoreline as the midpoint of each step. In straight sections without transitions, a 187 pair of coordinates was added at 50m intervals ( Figure 4 ). These coordinates were 188 then smoothed over a fixed alongshore distance.
189
In order to assess the effect of the smoothing, the smoothed shoreline was com-
190
pared with the in situ shoreline described below in section 3.3. Figure 
197
The smoothed SDS at 50m has been preferred because it removes shorter varia-
198
tions, captures well the shoreline shape and has the narrowest cross-shore variation.
199
The chosen smoothed distance was found to be adequate for a location such as Pro- water level, the acronym in Spanish is Bajamar Media Inferior).
214
Satellite images cover a large area simultaneously, thus, the whole extracted shore-215 line has the same tidal level. However, the instantaneous shoreline location varies in 216 the alongshore due to the wave run-up and set-up variation. The vertical wave run-217 up in Progreso is typically between 0.2 and 0.4m height. On a beach with a slope 218 of 6
• , that magnitude will cause a cross-shore excursion of between 2m and 4m.
219
The alongshore smoothing will also reduce the influence of run-up, tending to the 220 smaller set-up values but dependent on the long-crestedness of the incident waves. to examine the accuracy of the shoreline identification and so it has been used to 232 define confidence bounds on the SDS.
233
The main difference between the SDS and the in situ shoreline measurements is the SDS has the same tidal level at all points in the alongshore.
259
The adjustment was done using the inter-tidal beach slope and the difference in The difference between the in situ shoreline measurements and the SDS using the was based on measurements at every 10m over 8km of shoreline.
280
The results show that the SDS is consistently seawards of the in situ shoreline 281 (Figures 6, 7) . On average over the 8km length of shoreline, the SDS is -5.6m from 282 the in situ shoreline, a value which is smaller than the pixel size (10m) (Figure 6 , 283 Table 3) . Table 3 shows the separate mean differences between the beach slopes between 3
• and 6
• , as measured in Progreso, is between 1.7m and 3.2m.
299
That magnitude is approximately twice the horizontal standard deviation ( lines with an abrupt change in shoreline orientation.
409
Shoreline change smaller than 5m was detected using in situ shoreline measure- with no in situ shoreline measurements or few measurements of the shoreline position.
415
The measured in situ shoreline change is closer to the upper bound (landward)
416
of the SDS confidence limits than the lower bound (seaward). This is likely to be 417 due to an uncertainty in the water levels of the in situ shoreline measurements from 2008, and not to the capability of the SDS to detect shoreline change. However, the 419 shoreline change assessed using in situ shoreline measurements remains within the 420 defined range of shoreline change using SDS.
421
This comparison confirms that the use of SDS provides another resource to explore 422 shoreline change covering large geographical scales (>1km and <40km) and that its 423 future application to assess longer periods of time is possible. This is the subject of 424 future research. tidal datum allowed high accuracy to be achieved in the shoreline identification.
432
The inter-comparisons between SDS and in situ shoreline measurements allowed used optical satellite images for shoreline identification (Blodget et al., 1991; White 436 and El-Asmar, 1999; Mason et al., 1997; Aarninkhof, 2003; Liu and Jezek, 2004;  been carried out using quasi-simultaneous in situ shoreline measurements. Therefore 440 these inter-comparisons are a first indication of the differences between a shoreline 441 identified by optical satellite images in relation to in situ shoreline measurements.
442
The validation revealed that the extracted SDS at Progreso has a bias from in water column, and probably the presence of small ripples on the sea surface would 449 also affect the required minimum water depth for a pixel to be identified as sea.
450
The change in intensity values due to the previously mentioned factors has not been slope is essential for the further application of our method to other locations.
462
The inter-comparisons showed that the deviation of SDS relates to the cross- has not previously been considered in shoreline change studies using satellite optical 480 images.
481
This factor could in principle be alleviated to some extent by alongshore averaging 482 of the shoreline but its effectiveness would depend on the long-crestedness of the 483 incident waves, itself variable, and wave set-up (a negligible factor at Progreso)
484
would also contribute uncertainty. At Progreso, this factor was one of the largest 485 contributors to the confidence bounds on the SDS but was still well below the pixel 486 size due to the low incident wave conditions. has been shown to be essential.
520
The SDS identified with satellite optical images is located seawards with a mean 521 cross-shore displacement of -5.6m and a standard deviation of 1.4m over 8km of 522 shoreline. This difference was assessed using quasi-simultaneous in situ measure-523 ments, over a five hour period, both adjusted to equal tidal levels.
524
Confidence bounds for the SDS were defined including the horizontal excursion 525 of the wave run-up, uncertainty on tidal levels and inter-tidal beach slope variability.
526
The defined confidence bounds are within the pixel size and they are shown to be 527 effective to explain the deviation of the SDS from in situ shoreline measurements.
528
Estimated shoreline change over a two year period with SDS is within the same 529 magnitude as the estimated shoreline change using in situ shoreline measurements.
530
The SDS measurements proved able to detect abrupt changes in the shoreline lo- The gradient is -4, the intercept is 0.42 m, and r 2 =0.78. The black line has a gradient of 1 placed as a reference. 
